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I. INTRODUCTION
Periodic balanced binary sequences with optimal autocorrelation play an important role in many applications, including spread-spectrum communications, due to their apparent randomness property and ease of generation [12] . They are equivalent to cyclic Hadamard difference sets [1] , [6] , and every known example of such sequences has period that is either i) a prime congruent to 3 mod 4, or ii) a product of twin primes, or iii) 2 n 0 1 for some integer n [4] , [7] , [13] , [1] .
For cryptographic applications, e.g., stream ciphers, one prefers such sequences with larger linear complexity. The linear complexity L of a periodic binary sequence is the number of stages of the shortest linear feedback shift register (LFSR) that will produce it with appropriate connection and initial condition [6] . The basic idea is that the sequence can completely be identified by some unwanted (or hostile) users if 2L terms are observed. So far, the linear complexity of known examples of balanced binary sequences with optimal autocorrelation has been determined except for one case. Those with periods of type iii) above are the easiest examples because they are either m-sequences or sums of a few decimated m-sequences. For those of type ii), the result is further generalized so that the linear complexity of larger classes of sequences including twin-prime sequences have been determined [2] . For type i), there are Legendre sequences with period of every such prime and Hall's sextic residue sequences with period of such prime p that can also be written as 4u 2 +27 for some u. The linear complexity of Legendre sequences has been determined earlier by Turyn [14] and recently rediscovered by Ding et al. [3] , and further, their explicit trace representation was determined [5] , [11] . This correspondence determines the linear complexity and characteristic polynomial of Hall's sextic residue sequences.
Let p = 4u 2 + 27 = 6f + 1 be a prime and g be a primitive root modulo p. All the nonzero elements of the integers mod p can be partitioned into six residue classes C l , l = 0; 1; 2; . . . ; 5, as C l = fg 6i+l ji = 0; 1; . . . ; f 0 1g:
Hall's sextic residue sequence of period p is defined as
otherwise where t = 0; 1; . . . ; p01, and g is (and, always can be) selected such that 3 2 C 1 [8] .
II. LINEAR COMPLEXITY OF HALL'S SEXTIC RESIDUE SEQUENCES
If a binary sequence fs t g of period p has linear complexity L, then there exist constants c 0 = 1; c 1 ; c 2 ; . . . ; c L01 ; c L = 1 2 GF (2) such that s i = c L01 s i01 + c L02 s i02 + 111 + c 0 s i0L ; for all L i < p:
The polynomial c(x) = x L + cL01x L01 + 111 + c0 is called the characteristic polynomial of the sequence.
It is known that the reciprocal characteristic polynomial c 3 (x) of the sequence fstg is given by [10] 
where is a primitive pth root of unity over GF (2 n ) that is the splitting field of x p 0 1. P5. P7 is obtained by substituting into x. P8 can be proved by observing that 2 is a cubic residue mod p for any rational prime p [9] . 
Suppose that all of them are 1. Then from (4) and (5) Proof: Let be a primitive pth root of unity. Then which is over GF (2) 
I. INTRODUCTION
We wish to study the behavior of the Cramér-Rao (CR) bound in emission tomography. The case of transmission tomography was studied by [1] , [2] . In emission tomography, one injects into the subject some photon-emitting substance and obtains a vector of measurements, y y y = (y 1 ; . . . ; y P ) T 2 P , of the photon emissions in P directions (called projection lines). is the set of natural numbers including zero. The problem is to obtain a spatial map of the density of the injected material from the projection line measurements. The probability distribution which emerges is (see, e.g., For the distribution in (1) to reflect the physical situation in emission tomography, we have the following physical constraints: i 0 and c ij 0 for all i; j. We shall investigate the CR bound without the physical constraints for most part of the correspondence, and return to the implication of the physical constraints in Section III-C.
